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the findings presented here are not likely to be chal- on chromosome 7, can be directly linked to relatively
lenged on either empirical or interpretative grounds. localized neural abnormalities or are the result of more
The significance of this paper lies in the discovery widely distributed pathologies that span both cortical
that the neurobiological substrate for the visuospatial and subcortical brain regions.
constructive impairment in Williams syndrome is local-
ized to a small region in parietal cortex. This finding is Helen Tager-Flusberg
consistent with everything we know about the organiza- Department of Anatomy and Neurobiology
tion of the visual system in the brain, so this localized Boston University School of Medicine
pathology is, therefore, precisely what one would have Boston, Massachusetts 02118
predicted, based on knowledge of the normal brain. This
study suggests that the brain in Williams syndrome does Selected Reading
not develop in completely different ways than in people
Bellugi, U., and St. George, M. (eds.) (2000). Linking cognitive neuro-without genetic disorders, conflicting with views held
science and molecular genetics: New perspectives from Williamsby some in the field (e.g., Karmiloff-Smith, 1998). On the
syndrome. J. Cogn. Neurosci. 12, 1–107.contrary, the localized and predictable neuropathologi-
Bellugi, U., Bihrle, A., Neville, H., and Doherty, S. (1992). In Develop-cal substrate of visuospatial constructive impairments
mental Behavioral Neuroscience: The Minnesota Symposium, M.in Williams syndrome shows that neural development
Gunnar and C. Nelson, eds. (Hillsdale, NJ: Erlbaum), pp. 201–232.
is a highly constrained process; the impact of genetic
Grant, J., Valian, V., and Karmiloff-Smith, A. (2002). J. Child Lang.alterations can be quite specific in the brain, as they
29, 403–416.
are in the heart (note that Williams syndrome is also
Karmiloff-Smith, A. (1998). Trends Cogn. Sci. 2, 389–398.
characterized by numerous physical features such as
Karmiloff-Smith, A., Klima, E., Bellugi, U., Grant, J., and Baron-supravalvular aortic stenosis; Morris and Mervis, 1999).
Cohen, S. (1995). J. Cogn. Neurosci. 7, 196–208.
The neurocognitive architecture of the visual system
Laws, G., and Bishop, D. (2004). Int. J. Lang. Commun. Disord.
in Williams syndrome demonstrates striking dissocia- 39, 45–64.
tions between the dorsal and ventral streams, as illus-
Mervis, C.B., Morris, C.A., Bertrand, J., and Robinson, B. (1999). In
trated in this study, for example, in the contrasting brain Neurodevelopmental Disorders, H. Tager-Flusberg, ed. (Cambridge,
activation patterns to a spatial localization task and face MA: MIT Press), pp. 65–110.
recognition. These dissociations, nevertheless, reveal Meyer-Lindenberg, A., Kohn, P., Mervis, C.B., Kippenhan, J.S.,
that people with Williams syndrome still have fundamen- Olsen, R.K., Morris, C.A., and Berman, K.F. (2004). Neuron 43, this
issue, 623–631.tally the same complex system and pathways in the
visual system as others, but with one region that is Mobbs, D., Garrett, A.S., Menon, V., Rose, F., Bellugi, U., and Reiss,
A. (2004). Neurology 62, 2070–2076.significantly reduced in volume that selectively disrupts
Morris, C.A., and Mervis, C.B. (1999). In Handbook of Neurodevelop-higher-level processing along the dorsal pathway. This
mental and Genetic Disorders in Children, S. Goldstein and C.R.pattern of visual system organization revealed in Wil-
Reynolds, eds. (New York: The Guilford Press), pp. 555–590.liams syndrome suggests that a genetically based devel-
Pinker, S. (1994). The Language Instinct (New York: William Mor-opmental disorder might have more in common with
row & Co.).acquired brain lesions than we might have predicted. In
Tager-Flusberg, H., and Sullivan, K. (2000). Cognition 76, 59–89.this way, the research presented by Meyer-Lindenberg
Tager-Flusberg, H., Plesa-Skwerer, D., Faja, S., and Joseph, R.M.and colleagues goes a long way to advancing the field
(2003). Cognition 89, 11–24.of cognitive neuroscience by bringing together cognitive
and brain imaging research from typical and atypical
populations. It confirms our faith that Williams syndrome
can teach us a great deal about links between brain and
Food for Thought: Essential Fattybehavior, and ultimately links to specific genes (Bellugi
and St. George, 2000). Acid Protects against Neuronal
Future investigations need to explore the neurocogni- Deficits in Transgenic Mousetive underpinnings for other components of the Williams
Model of ADsyndrome behavioral phenotype. Our understanding of
the mechanisms that underlie social engagement, face
processing, and language in Williams syndrome will be
significantly advanced if studies follow the same exem-
Interactions between environmental and genetic fac-plary methodological approach taken by Meyer-Lin-
tors may contribute to neurodegenerative disease. Indenberg et al. These aspects of the phenotype, however,
this issue of Neuron, Calon et al. report that a diet lowrepresent relative strengths rather than impairment, and
in an essential omega-3 polyunsaturated fatty acidit is therefore not surprising that their definition has
(docosahexaenoic acid) depletes postsynaptic pro-been more controversial and less easily interpreted. In
teins and exacerbates behavioral alterations in aa parallel way, Meyer-Lindenberg et al. point out that
transgenic mouse model of Alzheimer’s disease.other aspects of the neural phenotype of Williams syn-
drome highlighted in structural brain imaging studies
Alzheimer’s disease (AD) results in a progressive de-show less consistency across different research groups
mentia and a loss of neurons and synapses in the brain.than has been found for visuospatial constructive skill.
Available treatments aim to improve the communicationIt remains to be seen whether other unique aspects of
between surviving brain cells, which is also impaired bybehavior in Williams syndrome, for which we can expect
to find connections to specific genes in the critical region AD. Sadly, none of the current treatments have been
Previews
597
Table 1. A Diet Low in DHA/PFAs Is Associated with an Increase in Proteins Reflecting Caspase Activation, a Decrease in Postsynaptic
Proteins, and Behavioral Alterations
Change Elicited by Low
Parameter Studied Mouse Genotypea PFA Dietb
Presynaptic
SNAP-25 TG NC
Synaptophysin TG NC
Postsynaptic
Drebrin (membrane-bound) TG ↓
Drebrin (cytosolic) TG ↑
PSD-95 TG ↓
Signaling
PI3-kinase (p85 subunit) TG ↓
Akt (phosphorylated at serine 473) TG ↓
BAD (phosphorylated at serine 136) TG ↓
Caspase activation
Fractin/actin ratio TG ↑
Oxidative stress
Protein carbonyls TG ↑
Neuronal loss
Cresyl violet and Neu-N TG NC
Behavior
Water maze (cued learning) TG NC
Non-TG NC
Water maze (spatial learning) TG ↓
Non-TG NC
Water maze (memory retention) TG (impaired) NC
Non-TG NC
Thigmotaxis (“wall hugging”) TG ↑
Non-TG (↓)
NC, not changed.
a For most parameters, the effect of diet on nontransgenic (non-TG) mice was not addressed.
b Relative to mice of the same genotype on either the chow diet or the DHA-supplemented low PFA diet, except for behavioral parameters,
which were compared only to mice on the DHA-supplemented low PFA diet.
shown to reproducibly halt or reverse the disease once tant environmental factor, diet, increases the suscepti-
bility to APP/A-dependent neuronal deficits. Specifi-it has declared itself clinically. Since the benefit of symp-
tomatic treatments is so limited, it is critical to develop cally, it follows up on epidemiological observations
suggesting an association between reduced risk of ADtherapeutic strategies aimed at the root causes of the
disease. Genetic studies in the early 1990s established and a diet high in docosahexaenoic acid (DHA), an
omega-3 essential polyunsaturated fatty acid (PFA). Tothat AD has more than one cause (Farrer et al., 1997;
Selkoe and Schenk, 2003). Any one of many mutations in test whether this association represents a cause-effect
relationship, Calon and colleagues used an APP trans-three genes (amyloid precursor protein [APP], presenilin
[PS] 1, and PS2) cause rare early-onset forms of familial genic mouse model (Tg2576), in which neuronal expres-
sion of FAD mutant human APP is directed by the prionAD (FAD), most likely by increasing the production of
APP-derived amyloid  (A) peptides in the brain. Inher- protein promoter (Westerman et al., 2002). As they age,
these mice develop AD-like amyloid plaques, impair-iting the E4 variant of apolipoprotein (apo) E increases
the susceptibility to these as well as to the much more ments in spatial learning and memory, and deficits in
long-term potentiation (LTP). When mice were 17 monthscommon late-onset forms of AD.
Transgenic mouse models expressing human APP/ of age, Calon and colleagues changed the diet of some
of the mice from regular chow to a low PFA diet thatA within neurons, either alone or in combination with
other AD-related proteins, have defined the pathogenic was or was not replenished with DHA in free (nonesteri-
fied) form. Mice were analyzed after they had been onroles of amyloid plaques and smaller neurotoxic A as-
semblies and identified potential markers and mediators the new diet for 103 days (biochemical and histopatho-
logical studies) or 4–5 months (behavioral studies). Whileof A-induced neuronal deficits (Games et al., 1995;
Hsia et al., 1999; Palop et al., 2003; Westerman et al., there were no differences in cortical DHA levels between
transgenic and nontransgenic mice on the chow diet, the2002). Studies in these animal models and the human
condition suggest that the pathogenesis of AD involves low PFA diet decreased cortical DHA levels in transgenic
but not nontransgenic mice, suggesting that humancomplex interactions between genetic and environmen-
tal risk factors. For example, head trauma increases AD APP/A sensitizes the brain to DHA depletion. Calon
and colleagues propose the reasonable hypothesis thatrisk but does so much more dramatically in people with
apoE4 than in people with apoE3 or apoE2 (Farrer et the underlying mechanism involves lipid peroxidation,
which is known to reduce DHA levels and is increasedal., 1997).
The study by Calon et al. (2004) in this issue of Neuron in brains of APP mice and humans with AD.
While this type of dietary manipulation is used com-focuses on the interesting question of whether an impor-
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monly, it should be noted that PFAs are typically in-
gested as a component of triglycerides or phospholipids
rather than in free form. It will therefore be interesting
to determine whether esterified DHA in the context of
other PFAs—found in high levels in fish oil, for exam-
ple—will have similar effects. Be that as it may, Calon
and colleagues demonstrate convincingly that dietary
manipulation of PFAs has a major modulatory effect on
a number of interesting outcome measures (Table 1)
that are relevant to AD and to the neurobiology of lipids
in general. Their study also highlights how much the
phenotype of genetically modified mice can depend on
the diet they are fed.
Since it may be difficult to fully appreciate Calon and
colleagues’ results without a basic understanding of
brain lipids, we will devote this paragraph to a brief
primer on the topic. Lipids comprise 10% of the wet
weight and 50% of the dry weight of the brain, i.e., they
are really important. The major lipid components are
cholesterol, phosphatidylethanolamine, phosphatidyl-
choline, phosphatidylserine, sphingomyelin, and phos- Figure 1. Susceptibility of Neurons to Alzheimer-Related Injuries
phatidylinositol. The lipid composition of the brain is May Depend on DHA Levels in Their Membranes
critical for maintaining normal membrane integrity, elec- The diagram highlights a selection of synaptic elements and signal-
trical insulation, vesicular trafficking, and synaptic trans- ing components studied by Calon et al. in this issue of Neuron. See
the references cited in this article for information on the functionsmission. Most PFAs in the brain occur as components
of the depicted molecules. Pointed straight arrows indicate increaseof phospholipids. Thus, the effect of a dietary restriction
or activation, blunted arrows indicate decrease or inhibition, andof DHA will result in a decrease of DHA in membrane
zigzagged arrows indicate pathogenic attack.phospholipids.
On first sight, the diverse outcome measures studied
by Calon and colleagues (Table 1) may appear to be gen, which could alter the integrity and function of neu-
somewhat loosely connected. However, in Figure 5G of ronal membranes. The potential significance of this
their article, they propose a plausible scheme of how mechanism is underlined by the fact that decreases in
these variables may be mechanistically related to each the percentage of PE plasmalogen are among the earli-
other and to the pathogenesis of AD. To further assist est changes detected in AD brains (Han et al., 2001).
the reader, we have placed some of them into a synaptic Calon and colleagues also investigated the neuropro-
context (Figure 1). The decrease in brain DHA levels in
tective PI3-kinase/Akt/BAD pathway (Figure 1 and Table
APP mice was associated with dendritic damage, as
1), since DHA activates PI3-kinase and this enzyme ac-
evidenced by accumulation of putatively caspase-
tivity is reduced in AD. Reduction of DHA in the brain
cleaved fragments of actin (fractin) and decreases in
was associated with significant reductions in proteinthe postsynaptic proteins drebrin and PSD-95. While it
and mRNA levels of the PI3-kinase subunit p85, sug-is well known that dendrites are severely affected in AD
gesting that this pathway is regulated by DHA in vivo.and APP mice (Games et al., 1995; Lanz et al., 2003;
Significant reductions of p85 protein were also foundPalop et al., 2003), the relationship of dendritic and post-
in AD brains, underlining the potential clinical signifi-synaptic alterations to depletion of DHA/PFAs is novel
cance of the results obtained in APP mice, as well asand has potential therapeutic implications. Consistent
the validity of such models in general. While Calon andwith previous studies, Calon and colleagues found no
colleagues did not directly assess the effects of DHAloss of presynaptic proteins in Tg2576 mice. Why such
depletion on PI3-kinase activity, they show in APP micedeficits are absent in this model but present in other
on a low PFA diet that replenishment of DHA increasesAPP transgenic mice and in AD (Selkoe, 2002) is unclear.
the activation of the neuroprotective downstream sig-Although the precise mechanism by which the low
naling components Akt and BAD (Figure 1).DHA/PFA diet impairs dendrites in APP mice remains
As reviewed by Calon and colleagues, PI3-kinase isto be established, the elevated cortical levels of protein
required for the induction of LTP, and experimentalcarbonyls that Calon and colleagues identified suggest
depletion of DHA, drebrin, or PSD-95 impairs learningthat increased oxidative stress might be involved. Future
and memory in rodents, which made it interesting tostudies could test this hypothesis more directly by ex-
assess the effect of DHA depletion on the behavior ofamining which of the changes in Table 1 is normalized
APP mice. The acquisition deficits identified in the spa-by treating mice with antioxidants. Notably, most of the
tial component of the Morris water maze test in 21- to 22-DHA in brain is in phosphatidylethanolamine (PE), which
month-old mice on the low DHA/PFA diet are consistentaccounts for 40% of brain phospholipids. PE occurs
with the biochemical and histological data (Table 1), asin a diacyl form and an alkenylacyl (plasmalogen) form.
well as with the finding that chronic preadministrationPlasmalogen PE, which represents 55% of the PE in
of DHA prevents A-induced deficits in avoidance learn-neurons, is more reactive than diacyl PE and is believed
ing in rats on a low PFA diet (Hashimoto et al., 2002).to function as an antioxidant. Dietary restriction of DHA
and a prooxidant environment might deplete plasmalo- However, it would seem worthwhile to reassess the be-
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Fujii, Y., Ishibashi, Y., Oka, J., and Shido, O. (2002). J. Neurochem.havioral effects of DHA/PFA manipulations at younger
81, 1084–1091.ages, when nontransgenic controls show steeper learn-
Hsia, A., Masliah, E., McConlogue, L., Yu, G., Tatsuno, G., Hu, K.,ing curves and better memory retention, and transgenic
Kholodenko, D., Malenka, R.C., Nicoll, R.A., and Mucke, L. (1999).mice are already relatively impaired even on regular
Proc. Natl. Acad. Sci. USA 96, 3228–3233.
chow (Westerman et al., 2002). Additional behavioral
Lanz, T.A., Carter, D.B., and Merchant, K.M. (2003). Neurobiol. Dis.tests will be required to assess the significance of the
13, 246–253.
diet- and genotype-dependent changes in thigmotaxis.
Palop, J.J., Jones, B., Kekonius, L., Chin, J., Yu, G.-Q., Raber, J.,
Since dietary and pharmacological manipulations of Masliah, E., and Mucke, L. (2003). Proc. Natl. Acad. Sci. USA 100,
cholesterol have profound effects on plaque load and 9572–9577.
neuritic dystrophy in the Tg2576 model (Wolozin, 2004), Selkoe, D.J. (2002). Science 298, 789–791.
it is surprising that these hallmarks of AD were not as- Selkoe, D.J., and Schenk, D. (2003). Annu. Rev. Pharmacol. Toxicol.
sessed by Calon and colleagues. If alterations of DHA 43, 545–584.
in neural membranes affected the production, deposi- Westerman, M.A., Cooper-Blacketer, D., Mariash, A., Kotilinek, L.,
tion, or clearance of A, the neuronal alterations ob- Kawarabayashi, T., Younkin, L.H., Carlson, G.A., Younkin, S.G., and
Ashe, K.H. (2002). J. Neurosci. 22, 1858–1867.served on the low DHA/PFA diet might represent, at
least in part, an A dose effect. Naturally, confirmation Wolozin, B. (2004). Neuron 41, 7–10.
of such an effect would not diminish the potential ther-
apeutic significance of the results Calon and colleagues
obtained.
In conclusion, Calon and colleagues’ study raises the
intriguing possibility that reduction in brain DHA levels,
Calcium Waves Ruleinduced by dietary depletion and A-dependent oxida-
tive stress, impairs cognitive functions through a causal and Divide Radial Glia
chain involving decreased p85 expression → de-
creased PI3-kinase activity → decreased activity of Akt
and BAD → disinhibition of caspases → actin degrada-
tion → destabilization of postsynaptic proteins and den- Radial glial proliferation is a critical step in the con-
drites. Although the investigators have not yet proved struction of cerebral cortex. In this issue of Neuron,
that each step in this cascade is necessary and sufficient Weissman and colleagues use time-lapse calcium im-
for the next, the proposed cascade provides a thought- aging techniques to demonstrate that spontaneous
provoking framework of testable hypotheses for future calcium waves sweeping through cohorts of radial glia
studies. In a similar vein, DHA, PI3-kinase, and caspases in the ventricular zone can modulate their proliferation
affect many other factors besides those examined by during cerebral cortical development.
Calon and colleagues. It will therefore be interesting to
determine which of the many biochemical alterations Radial glial cells provide a template for the generation
DHA depletion might elicit has the most important im- and migration of neurons that eventually form different
pact on AD-related cognitive decline. Whether further cortical layers. Radial glial cell morphology is character-
enrichment of the typical human diet with DHA would ized by a soma situated in the ventricular zone and an
decrease AD risk and benefit patients with the disease elongated fiber that extends the width of the developing
is a challenging question. For those who wish to hedge cerebral cortical wall. During very early stages of corti-
their bets while waiting for the answer: eat more fish. cogenesis, symmetric divisions of radial glia give rise
to other radial glial cells and form the glial scaffolding
upon which cortex is constructed. The essential role ofLennart Mucke1,2 and Robert E. Pitas1,3
radial glia in guiding neuronal migration to the cortical1Gladstone Institute of Neurological Disease
plate is well established (reviewed in Rakic, 2003; Marin2 Department of Neurology
and Rubenstein, 2003). Recent findings, however, indi-3 Department of Pathology
cate that asymmetric divisions of radial glia can generateUniversity of California, San Francisco
neurons and radial glia that act as migratory guides forP.O. Box 419100
their own neuronal progeny (Noctor et al., 2001; Gotz etSan Francisco, California 94103
al., 2002; Anthony et al., 2004). Alternately, asymmetri-
cally dividing radial glial cells may also give rise to so-Selected Reading
mally translocating neurons, which retain and use the
Calon, F., Lim, G.P., Yang, F., Morihara, T., Teter, B., Ubeda, O., apical radial fibers to ascend to the cortical plate (Miyata
Rostaing, P., Triller, A., Salem, N., Jr., Ashe, K.H., Frautschy S.A., et al., 2001). During cortical development, neurons regu-
and Cole, G.M. (2004). Neuron 43, this issue, 633–645.
late radial glial cell function, and radial glial cells, in turn,
Farrer, L.A., Cupples, L.A., Haines, J.L., Hyman, B., Kukull, W.A.,
support neuronal cell migration and differentiation. AsMayeux, R., Myers, R.H., Pericak-Vance, M.A., Risch, N., and van
neuronal migration and placement dwindles, radial gliaDuijn, C.M. (1997). JAMA 278, 1349–1356.
differentiate into astrocytes (Rakic, 2003). This sequen-Games, D., Adams, D., Alessandrini, R., Barbour, R., Berthelette, P.,
tial and coordinated unfolding of distinct radial glial phe-Blackwell, C., Carr, T., Clemens, J., Donaldson, T., Gillespie, F., et
notypes (i.e., neural precursor, migratory guide, and as-al. (1995). Nature 373, 523–527.
troglial precursor) is essential for the emergence ofHan, X., Holtzman, D.M., and McKeel, D.W., Jr. (2001). J. Neurochem.
77, 1168–1180. laminar architecture and the mature functional neural
circuitry of the cerebral cortex. How do radial glial cellsHashimoto, M., Hossain, S., Shimada, T., Sugioka, K., Yamasaki, H.,
